One of the defining features of competition in many industries, especially those characterized as 'high-tech', has been the extremely rapid pace of technological change, marked by a continuous stream of innovations. This rapid rate of knowledge obsolescence makes it imperative for firms to renew their technological bases constantly. However, given the wide array of technological fields to draw on, no one firm can possibly hope to come up with all the required research on its own, i.e., every firm needs to look outside its boundaries. Given its critical importance, excellence in technological base renewal would serve as a source of competitive advantage. In the language of the resource-based view (RBV) of the firm, this ability would serve as a dynamic capability. Drawing on past literature (Cohen and Levinthal, 1990) , we identify the dynamic capability associated with acquiring and utilizing external technological know-how with the notion of absorptive capacity (AC).
INTRODUCTION
One of the defining features of competition in many industries, especially those characterized as 'high-tech', has been the extremely rapid pace of technological change, marked by a continuous stream of innovations. It has by now become commonplace to say that the only way firms can succeed in industries such as semiconductors, computers, and biotechnology is through repeated innovation. As Jelinek and Schoonhoven (1990) put it, "Success lies in not pulling it off once … but replicate technological innovations repeatedly over the long run".
But, what exactly does it take to come up with innovations repeatedly? To understand this, one has to look at the nature of innovation and technological advancement in most hightechnology industries. Innovation in such industries relies on cutting edge developments in a number of basic scientific and engineering fields, such as materials science, electrical engineering, and electrophysics. 1 Since the frontiers of knowledge in these fields are growing at a very fast rate, the rate of knowledge obsolescence in industries that use these fields is also very high. Clearly, to be innovative a firm needs to constantly renew its base of technological knowhow 2 with the very latest scientific developments.
While the renewal of its technological knowledge base is crucial to a firm, this is by no means an easy task. Given the sheer number and breadth of technological fields to draw from, no one firm can possibly hope to come up with all the required research on its own. This immediately suggests that every firm needs to look outside its boundaries, and acquire knowledge from other firms, research labs, and universities. The incentives that firms are now providing to their personnel, to keep in regular touch with academia, attend conferences, and publish in leading journals is evidence of the seriousness with which the acquisition of outside technological know-how is treated (Henderson and Cockburn, 1994) .
Given the central importance of such renewal, it is obvious that firms that do better at this task would gain competitive advantage over their rivals; in the language of the resource-based view (RBV) of the firm, this ability to acquire and utilize external technological know-how could serve as a dynamic capability for a firm, leading to sustained competitive advantage. Drawing on past literature (Cohen and Levinthal, 1990) , we refer to this particular dynamic capability as absorptive capacity (AC) in what follows.
A closer look, however, raises a host of issues regarding the identification of AC with a dynamic capability. First, a capability can be a source of competitive advantage only if there is heterogeneity among firms in the possession of that capability. Thus, we ask: What causes some firms to have a higher AC than other firms? Second, by definition, a useful capability has to have a significant impact on innovation/profits if it is to be a source of competitive advantage. This leads to the question: What is the impact of AC on a firm's innovative output and profitability?
Finally, from a marketing viewpoint, a fundamental question is: What role does marketing capability play, if any, in a firm's ability to absorb technical know-how?
Answering the above questions requires the development of a conceptual framework grounded in the process of know-how absorption. Such a framework needs to then be operationalized and confronted with data. We describe each of these steps below.
Overview of Conceptual Framework and Key Empirical Findings
Our conceptual framework delineates why a firm's AC can serve as a dynamic capability. We conceptualize the process of know-how absorption as one of acquisition of a number of knowledge assets, with each of these assets distributed with some mean and variance, i.e., with uncertain valuations. This enables us to focus on two polar dimensions of relevance to the process of absorption. First, all firms could have identical valuations for the asset, but there may be a lot of uncertainty surrounding this valuation. Higher AC in this case arises due to a firm's access to superior information about the valuation of knowledge assets. Second, while firms may be perfectly aware of the valuation, this valuation itself could differ across firms. Thus, firms that are able to better use the knowledge, due to the possession of complementary assets, will get more benefit from it. Higher AC in this case arises due to a superior ability to utilize any knowhow absorbed
3 .
An elucidation of the two polar dimensions above allows us to focus on the key firmspecific factors that could cause some firms to have a higher AC than other firms. We suggest that a firm's marketing capability would affect both dimensions of absorption above. Similarly, a firm's breadth and depth of prior experience in innovation would help it have a higher AC.
Finally, our framework looks at the impact of AC on innovation and profitability: we hypothesize a significant impact of AC on breadth of innovation, and further suggest that the impact of AC on profitability is moderated by the extent of turbulence in the environment.
The second part of our paper uses the conceptual framework as the basis for an empirical examination of the determinants of AC and its impact in high-technology markets. The challenge here is to focus on objective secondary data throughout -this in turn raises a number of issues involving the operationalization of technological know-how, and its absorption. Further, the identification of AC as a dynamic capability means that we have to infer it from observed outcomes. This necessitates the use of an econometric methodology called Stochastic Frontier Estimation (SFE). We focus on the semiconductor and computer equipment industries as the context of our empirical analysis.
A number of interesting insights emerge from our empirical analysis. First, we find that a firm's marketing capability has a significant positive impact on its AC. This is of substantive interest, because it suggests that marketing can help a firm both value technological options better, and utilize them more effectively. Second, we find a significant path dependence effect; specifically, firms that have pursued technologically 'broad' investment strategies in the past are better able to absorb know-how in the future. Third, we find that AC has a significantly greater impact on a firm's profitability in environments that are more turbulent technologically. This coupled with the fact that AC is also distributed more heterogeneously in such environments, makes it a very valuable dynamic capability for such firms.
Related Literature & Research Contributions
This paper both draws on and extends a number of related research streams in Marketing, Strategy, and Economics.
The theoretical base that our paper relies on is the RBV. This theory has emphasized the role of firm-specific resources and capabilities in helping a firm enjoy sustained competitive advantage (Wernerfelt, 1984; Barney, 1991) . Building on this early contribution, later work suggested that focusing on capabilities at one point in time may not be appropriate for rapidly changing markets, since what may be valuable capabilities this year may be of less value a few years later (Teece, Pisano, and Shuen, 1997; Eisenhardt, 2000) . Hence, authors such as Hogarth et. al. (1991) suggested a focus on more 'higher order' dynamic capabilities. We build on this notion by conceptualizing dynamic capabilities in terms of regeneration of critical resources.
Further, by focusing on one particular dynamic capability (namely, that involved in the regeneration of technological know-how), we theorize on why firms would differ in it. Our work also contributes empirically to the RBV literature, in that little prior work has attempted to measure a firm's dynamic capabilities consistent with the RBV framework, or to quantify the impact of various factors causing differences in dynamic capabilities across firms (Williamson, 1999) .
The second stream we draw on is the work on AC pioneered by Cohen and Levinthal (1990) . These authors suggested that a firm's AC was "its abilities to evaluate the technological and commercial potential of knowledge in a particular domain, assimilate it, and apply it to commercial ends." We extend this work both theoretically and empirically. Theoretically, we
show how AC can be identified as a dynamic capability, and suggest key dimensions of the process of know-how absorption. These dimensions in turn help us to identify key factors that cause inter-firm heterogeneity in AC. Empirically we advance the literature by using objective and precise measures for constructs such as technological know-how absorption and using rigorous econometric methodology to infer AC. This is in contrast to much of the past literature (Pennings and Harianto, 1992; Henderson and Cockburn, 1994; Lane and Lubatkin, 1998) , which has generally used proxies such as prior innovation or prior experience in an activity to measure AC.
We view one of our major contributions as the merging of the AC and the RBV literatures in a meaningful manner. By explicating how AC can be conceived of as a dynamic capability, we suggest some boundary conditions that the concept of AC must satisfy, such as firm-specificity and inimitability. The RBV has suggested the importance of both selecting and deploying resources efficiently (Makadok, 2001 ) -our discussion of firm heterogeneity in AC focuses on precisely these dimensions, thus anchoring AC firmly to RBV theory. Empirically, we estimate AC in a manner consistent with the basic tenets of RBV, something not done hitherto.
Finally, our paper is related to a rich stream of work in marketing that has looked at the link between marketing and innovation. This work has pointed to the important role played by marketing in the new product development process (Gupta, Raj and Wilemon, 1987; Griffin and Hauser, 1993; Mahajan and Wind, 1997; Srinivasan, Lovejoy and Beach, 1997) . Also, our work is closely related to prior literature examining the importance of marketing in the process of information acquisition and utilization in technologically turbulent markets (Glazer, 1991; Moorman and Miner, 1997) . Our work extends this literature by conceptualizing and estimating the role played by marketing on key dimensions of technical know-how absorption. Thus, we discuss theoretically how marketing can affect both the ability of a firm to value technological options, as well as its ability to acquire and utilize them effectively. In this sense, we extend the role of marketing further up the "value chain of ideas", by emphasizing its role in the idea generation and screening stage. Empirically, our study is the first to use measures developed using archival data to estimate the role played by marketing capabilities on AC. Finally, our work is tied to that of Boulding and Staelin (1995) , who look at the impact of both ability and motivation in affecting returns to various strategic actions. In a similar vein, we suggest that firm-specific factors, such as marketing capability, help firms create ex ante and ex-post barriers to competition in the know-how absorption process, and thus affect their ability to appropriate rents from know-how absorption.
The rest of the paper is organized as follows. The next section develops our conceptual framework. Section 3 discusses our empirical model specification and outlines the econometric methodology we use. Section 4 discusses the empirical application in more detail -we describe our data set, operationalize our variables, and report our empirical findings. Section 5 concludes with suggestions for further research.
CONCEPTUAL FRAMEWORK
The central focus of this paper is the process of innovation in high-technology industries (e.g., semiconductors, pharmaceuticals). The RBV suggests that firm-specific resources and capabilities are crucial to some firms enjoying supra-normal profits over other firms (Wernerfelt, 1984; Peteraf, 1993) . Examples would include a firm's patent base, the quality of its salesforce, and the excellence of its manufacturing. Early research (Barney, 1991) suggested that such capabilities, by virtue of being hard to imitate or buy, engender advantages for firms that possess them. However, recent research has suggested various refinements to this theory, especially as it applies to turbulent markets (Teece, Pisano and Shuen, 1997; Eisenhardt, 2000) . These authors contend that while a resource/capability may provide competitive advantage at any particular instance, in fast changing markets, a critical resource/capability today may not be that critical
tomorrow. An excellent example of this is the dramatic shift in the pharmaceutical industry, from 'random' drug development (which involved the screening of potentially therapeutic formulations to test for their efficacy), to more 'rational' drug discovery (which involved understanding the biochemical foundations of diseases) (Henderson and Cockburn, 1994) . In fairly short order, the extensive knowledge bases of firms in chemistry were rendered less important, with molecular biology and genetics gaining prominence.
Following past literature (Teece, Pisano and Shuen, 1997; Eisenhardt, 2000) , we suggest that the dynamic capability of a firm lies in its ability to recognize resources that will be critical in the future, and then acquire and utilize these resources most efficiently. Thus, in turbulent environments, marked by disruptive technological changes and radical shifts in demand conditions, competitive advantage lies in renewing resource bases efficiently (Teece, Pisano and Shuen, 1997) . To develop this notion further, let us focus on the case of renewal of technological know-how, which is one of the most important resources in technology-intensive markets.
High-technology markets are marked by rapid change in technical know-how, in terms of the depth of know-how required, as well as the broad array of technical fields used 4 . In such a situation, no single firm can possibly do all the basic and applied scientific research on its own.
The need to look out and acquire knowledge, and then to utilize it meaningfully is crucial to the task of know-how regeneration. Past researchers have referred to this ability to acquire and utilize know-how from outside the firm itself, as the firm's absorptive capacity (Cohen and Levinthal 1990; Henderson and Cockburn, 1994 The rest of the conceptual framework is devoted to answering the questions just raised.
We start off by elucidating the process of know-how absorption, followed by a discussion of the factors that impact it, and ending with a discussion of the impact of AC on innovation and profitability.
The Process of Knowledge Absorption: Why Do Firms Differ in Their Absorptive
Capacity?
Given the criticality of technical know-how, all firms in the industry are likely to be aware of the importance of know-how regeneration, and would try to renew their knowledge resource bases as best they can. Since not all of this knowledge can be got in-house, a major part of the task involves 'looking out', and making judgments on what knowledge to acquire, and what price to pay for it.
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The key here is that if all firms are aware of the exact value of the asset they wish to acquire, and this value is common knowledge, they will end up bidding such that there are no expost rents to be had from the asset (Peteraf, 1993) . In RBV language, unless there are ex-ante and ex-post barriers to competition, all ex-post profits will be dissipated. To use Boulding and Staelin's (1995) terminology, these factors would impact a firm's ability to appropriate returns to know-how absorption. At this point it is natural to ask: What would help some firms to erect exante/ex-post barriers to competition in the process of know-how absorption? An answer to this question requires an elucidation of the process of know-how absorption, a task to which we now turn.
To clarify the discussion, and make it more precise, we conceive of the process of acquiring knowledge assets in the following fashion. Thus, suppose there are a number of knowledge assets out there, with a distribution of valuations 6 . More precisely, the valuation of knowledge asset j for firm k, is v jk . Further, it is reasonable to assume that the firm doesn't know for sure what the asset is worth -this uncertainty in its valuation is denoted as σ jk . Now, firms try to use some criterion 7 to decide which asset(s) to acquire -the criterion essentially tells them how much to pay for the assets they do wish to acquire. Superiority in making correct valuations helps a firm both pick the right technologies, and avoid the bad ones (Makadok, 2001 ).
In the stylized process described above, what would a higher absorptive capacity mean?
It could mean either of the following two things.
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Case I -Identical Valuations with Uncertainty: The first case could be that every firm has the same valuation for the knowledge asset (i.e., every firm would be able to get exactly the same return if they acquired the asset), but there is a lot of uncertainty about this valuation. In such a case, higher absorptive capacity would imply superior ability to assess the true value of the asset,
i.e., the ability to reduce the variance surrounding the true valuation of the asset 9 .
Mathematically,
When such knowledge assets are scare so that firms have to bid for them, a firm that is better able to do asset valuation will end up paying the 'correct' price for the asset and enjoy expost rents over other firms that might overpay for the asset. The importance of such a skill cannot be overestimated. For example, Intel faced a plethora of technological possibilities in designing its new manufacturing plant -a number of these technologies were new approaches to lithography and planarization (Iansiti and West, 1997 ). Intel's genius in this case was to choose correctly from amongst these options, to come up with a setup that would work best.
Case II -Differing Valuations with no Uncertainty: Now consider the case where all the firms in the industry possess perfect knowledge about the true value of the knowledge asset.
In such a case, differences would be caused by the fact that this value would be different for different firms, i.e., v jk ≠ v jm for k ≠ m. In other words, superior regeneration can only come from the fact that firms would differ in their abilities to utilize this knowledge asset. Firms that can use the asset better would have a higher valuation for it. Thus, a higher absorptive capacity in such a case is manifested by the ability of firms to utilize the knowledge assets they acquire in a superior fashion, and hence enjoy competitive advantage. Firms could be better at utilizing know-how either because they are 'experienced' at doing this in the past, or because they possess valuable stocks of complementary assets (Teece, 1980) .
The discussion so far leads us to a natural question: Why would some firms have a higher AC than other firms? We now turn to answering this question, with a discussion of various factors that affect one or both of the dimensions of AC.
Marketing Capability: Marketing capability would be an important factor affecting both dimensions of AC. First, for a firm to keep abreast of various technological developments, it has to have excellent abilities to scan the environment. Kodama (1992) , von Hippel (1989) and others point out how firms with superior market scanning abilities seem to be much better at sifting through technological options, i.e., the cost of sifting through various options seems to be much lower for such firms, since much of the infrastructure, in terms of firm-specific routines (e.g., for getting customer feedback) is already in place. Sharp, for example, is a firm that lets 'demand articulation' drive a number of its R&D efforts. It's investments in a number of nascent technologies that later paid off, such as optoelectronics, were a direct result of its expectations of what the market was going to be like in the future. Similarly, Iansiti and West (1997) speak of the 'market sensing' abilities of a lot of the high technology firms, which lets them obtain continuous feedback from their customers. In summary, we suggest that firms with higher market scanning ability would be more efficient at sifting through various technological options and hence have superior absorptive capacity.
Second, prior literature (Day, 1994; Srinivasan, Lovejoy and Beach, 1997) suggests that a firm's marketing capability is one of the most important complementary assets a firm can possess, helping it to utilize innovations better. A superior marketing capability confers both demand and supply side advantages to a firm, i.e., it helps reduce the cost of marketing innovations, while at the same time, increases the demand for the innovation among consumers.
An excellent example of the role of marketing capability in a high-technology firm is Intel, which has successfully executed a branding strategy in the face of stiff competition from AMD.
Similarly, the canonical example of a high-technology firm that failed to utilize its innovations effectively is Xerox, with such famous failures as GUI (graphical user interface). The advantages of picking the right technology and bringing it to market are particularly salient in technologyintensive industries, since they are marked by short life cycles and a huge first-mover advantage.
Thus, we would expect that marketing's impact on AC would confer both ex-ante and ex-post advantages to a firm.
Breadth of Prior Knowledge Base:
Another cause for differences in the ability to regenerate technological know-how is what psychologists (Ellis, 1965) and economists (Stiglitz, 1987) have called "learning to learn". The idea is that if one spends time mastering an area of knowledge, one starts recognizing basic patterns, and develops habits of learning, that are then potentially applicable to a new area. The key to this kind of learning is breadth -thus, the broader the number of technological areas a firm has experience in (the broader its existing technological base of knowledge), the easier it is to recognize the value of new knowledge from outside. This clearly, implies the importance of path dependence, another idea that has been central to much of the resource based literature (Foss, 1997; Teece, Pisano, Shuen, 1997) . The prior experience in breadth of technological base introduces firm-specificity to the capability -in this case, to AC.
Thus, a firm that has accumulated a breadth of learning in the past is uniquely positioned to appreciate current developments. Importantly, this accumulation is not something that can be done overnight -it is hard to buy, and certainly hard to imitate. In RBV language, learning to learn suffers from asset mass diseconomies, (Dierickx and Kool, 1989) and hence can be a source of enduring competitive advantage to a firm.
The utility of breadth of knowledge base is especially relevant in modern technological markets -to recall our earlier example, a common product like a workstation draws on diverse areas in both physics and mathematics. To sum, the greater the number of technological areas the firm has innovated in, the better it would be at the process of regenerating its technological know-how from outside.
Learning by Doing: Learning-by-doing effects have been the focus of much research in the area of operations and manufacturing. Some literature has pointed out the important role played by a firm's technological achievements in shaping its ability to utilize new knowledge. Various researchers have talked about moving down the learning curve of knowledge (Stiglitz, 1987) .
Implicit in this notion of moving down the learning curve is the idea of depth of past achievement (as distinguished from breadth, discussed earlier). Thus, a firm that has come up with a number of innovations is more likely to have "learnt by doing". Such a firm clearly has the organizational and other institutional structures in place to ensure that it utilizes any knowhow in an appropriate fashion. However, prior literature has also pointed to the importance of the 'quality' of one's prior experience (Cohen and Levinthal, 1990) . Thus, firms which have had produced innovations of a high quality in the past have best shown the ability to move down the innovation learning curve. To sum, the marginal returns that a firm with high learning-by-doing abilities can expect from an identical unit of outside know-how are higher than for a firm with low abilities.
In summary, we have conceptualized the notion of AC in terms of valuation and acquisition of knowledge assets, and then discussed the factors that would affect firms' AC. To reiterate, we have separated the manifestation of absorptive capacity into two polar dimensions.
First, superior abilities in recognizing the true value for the asset, which means the firm (on average) chooses and pays correctly, which is a very important advantage to possess when so much uncertainty surrounds every possible know-how asset. Second, superior abilities to utilize technological know-how acquired, which results in higher marginal returns, and hence competitive advantage over other firms that might have paid identically for the asset. We should add that the two polar dimensions are for purposes of exposition only -clearly, higher absorptive capacity will manifest itself along both dimensions for firms.
Formally, our conceptual framework so far suggests the following relationship 10 :
Absorptive Capacity=f (Marketing Capability, Breadth of Knowledge Base, Learning by Doing).
We would expect each of the factors above to have a positive impact on a firm's AC.
Finally, if AC is to be a meaningful capability, its impact on various outcomes should be firm-specific. In other words, the ability to regenerate technical know-how should have an impact on both innovation and profitability that varies across firms. The second part of our framework below discusses these issues.
Why Absorptive Capacity Matters: The Impact of Absorptive Capacity on Innovation and Profitability
Absorptive Capacity and Innovation: A higher AC helps a firm comprehend developments taking place in various technological fields, and incorporate the new knowledge into its own innovations. As a consequence the innovations a firm comes up with are frequently applicable across a number of technological areas. The advantage of such broad applicability has been well documented in high technology markets (Taylor and Silberston, 1973) , with an increasing part of firm revenue coming from royalties through patent licensing. The broader a patent's applicability the more the need for other firms to license it (to avoid potential litigation). Thus, we suggest that a higher AC will help a firm come up with innovations that are of broader applicability.
Absorptive Capacity and Profitability:
A high absorptive capacity has to do with regenerating a firm's know-how base and keeping abreast of cutting edge scientific developments taking place outside. When is this ability likely to be of most use? Precisely when markets are changing so rapidly, and the environment is so turbulent, that today's knowledge becomes obsolete tomorrow. Past literature points to significant differences brought about in firm strategy, because of the rate of change of the environment (Glazer 1991; Balakrishnan and Wernerfelt, 1986) .
When changes in technological conditions take place very rapidly, it becomes even more imperative for firms to not miss the latest scientific development, and this is exactly what absorptive capacity is all about. What this suggests is that environmental turbulence is likely to moderate the impact of absorptive capacity on profitability, and further, that the higher the turbulence, the greater the impact of absorptive capacity on profitability.
Yet a second reason for the greater importance of AC in more turbulent markets relies explicitly on RBV theory. Thus, recall that one of the factors that make firm-specific capabilities, such as AC so valuable, is the fact that they cannot be imitated or bought easily. Now, higher turbulence in markets essentially makes comprehending AC even harder for competitor firms -in the language of RBV, it increases causal ambiguity (Lippman and Rumelt, 1982) . Thus, as before, we should expect that AC should be even more valuable in times of high turbulence.
In the next section, we discuss the econometric methodology that we use to estimate AC, highlighting the close links between our estimation strategy and the RBV theory.
MEASURING ABSORPTIVE CAPACITY: ESTIMATION ISSUES
In this section we first give a brief verbal description of the econometric issues involved. Then we discuss how to estimate a firm's AC (Section 3.1), and then discuss (Section 3.1.1) how we would estimate the factors that affect AC 11 . Finally (Section 3.2), we discuss estimation of the impact of AC on innovation and profitability.
Estimating Absorptive Capacity
Our main task in the estimation section is to explain heterogeneity among firms in AC. However, we cannot simply regress AC on various firm characteristics, since we do not actually observe the AC. What we do observe is an outcome of superior or inferior AC, i.e., we observe that firms have absorbed more or less technical know-how from outside. Thus, we first need to infer a firm's ability to absorb technical know-how from this information. We do this by estimating AC as the gap between the maximum amount of know-how a firm could have absorbed, and the amount it actually absorbed. The smaller this gap, the better the firm is at absorbing the knowhow it wants, and hence the higher its AC. We do not, however, observe the maximum a firm could have absorbed. This means that our first task is to estimate this maximum amount, which we call a firm's know-how frontier. The know-how frontier is, in essence, a sophisticated benchmarking exercise, in that the best a firm can do is only meaningfully defined relative to the sample at hand.
In estimating the know-how frontier, we have to consider that firms would differ in the amount of know-how they wish to absorb, i.e., they would differ in their incentives for absorption, and hence in the effort levels they put in. We have to control for these effort levels in our estimation. A difficulty here is that we do not actually observe these effort levels. What we do observe are 'instruments' that are likely to be highly correlated with a firm's incentives, and hence can serve meaningfully as proxies for its effort levels.
Formally, we can write our absorption equation as:
where Y it denotes the know-how actually absorbed by the ith sample firm, i = 1, 2, …, N, in the tth time period, t = 1, 2, …, T; it X is the vector of covariates that are proxies for the firm's incentives; and α α α α is the vector of the coefficients estimating the impact of the covariates on the know-how absorbed. Thus, in Eqn. 2a,
represents the know-how frontier, i.e., the maximum amount of know-how firm i would like to absorb, given its incentives X it . As suggested earlier, this is a quantity to be estimated. The vector e it represents the gap between the optimal to be absorbed and the actual know-how absorbed -a firm's AC has to be inferred from this gap.
We now turn to a discussion of the covariates, it X that proxy for firms' differing incentives to absorb know-how.
Controlling for Differential Incentives to Absorb Know-how
R&D Intensity: The technological know-how a firm acquires from outside is used as raw material and combined with R&D expenditure to come up with further innovations. A firm which has only a limited R&D budget would find it a waste to acquire a great deal of technological know-how. It is easiest to illustrate this by thinking of R&D expenditure and the amount of technological know-how acquired as inputs into a Leontief production function, whose output is innovations. In such a case, the amount of know-how absorbed is clearly constrained by the amount of R&D expenditure. Thus, a firm that has a very large R&D budget will have a higher know-how frontier than one with a small R&D budget.
External Market Conditions:
A number of factors related to external market conditions could affect a firm's incentives to absorb know-how. First, the degree of competitiveness of each of the product markets the firm is in. Thus, a firm facing fierce competition has high incentives to try acquiring knowledge actively from outside, if that would lead to more innovation (Kodama, 1997) . Second, the rate-of-growth of markets the firm is in. While this would affect incentives, ex-ante it is not obvious in what direction incentives are affected. On the one hand, with a higher rate of growth, one gets higher marginal benefit for everything one does. On the other hand, it is precisely when conditions are very good, that firms may be least inclined to exert efforts to acquire knowledge from outside, and engage in innovation. The impact of this factor is therefore an empirical question.
Incorporating the incentives, we can now rewrite Eqn. 2a as:
Now, the second econometric task is to estimate AC from the gap e it above. As suggested earlier, the smaller this gap, the lesser the inefficiency in know-how absorption, and hence the greater the AC. It would be incorrect, however, to ascribe all the shortfall in a firm's absorption of know-how to its lack of ability. Thus, a firm may have done badly because of bad 'luck', i.e., causes beyond its control, such as macroeconomic conditions. Clearly this has little to do with its ability. Second, a firm may have done badly because of its lack of 'abilities' -it is this latter that we are interested in. To take account of these two reasons for the shortfall, we rewrite Eqn. 2b As given in Eqn. 2c above, the luck and the inefficiency reasons for the gap are represented by the two error terms, εit andη it respectively. Thus, a firm's AC can be estimated precisely as the inverse of its inefficiency, i.e., the inverse of η it . To facilitate identification of the two error terms, we make some distributional assumptions that are standard in the literature (Stevenson, 1980) . Sinceη it represents a shortfall, we assume that it takes only positive values.
More formally, it is assumed to be an independent and identically distributed non-negative random variable, defined by the truncation (at zero) of the N(µ,σ η 2 ) distribution with mode µ > 0.
The parameter µ captures the mode of inefficiency in absorptive capacity(AC) of firms in the sample. Similarly, we assume that εit is distributed normal with mean 0 and variance σ ε 2 , i.e., 12 We use the log-log specification, consistent with much of the prior literature. We did perform a likelihood ratio test to check the nested Cobb-Douglas (CD) specification in favor of the more general Indirect Translog (ITL)
. To facilitate estimation, we make some further assumptions on the error terms, namely, that the random shock, ε it , and the inefficiency error, η it , are independent, i.e., [ ] η ε it it E = 0, and that these error components are independently distributed of the independent variables in the model, i.e., [ ]
Given these assumptions, for a sample of N firms with T observations for each firm, it can be shown (Stevenson, 1980; Battese and Coelli, 1988 ) that the sample likelihood function for the SFE formulation corresponding to Eqn. 2a is given by
where Y it is the output (amount of technical know-how absorbed), and ( ) In other words, we use a parametric random effects specification to account for unobserved heterogeneity in the elasticities. The introduction of unobserved heterogeneity in elasticities makes it difficult to get closed form expressions for the likelihood function. We thus use the Method of Simulated Likelihood (MSL) to estimate our parameters.
Accounting For Heterogeneity in Absorptive Capacities:
One of the main features of our conceptual framework in Section 2.1 is the presence of heterogeneity among firms in their AC. However, the specification in Eqn. 2b does not take such heterogeneity into account. We account for heterogeneity as follows.
Specifically, we had assumed that η it (whose inverse was used as an estimate of AC) was distributed with a mean µ and variance σ η heterogeneity' (Gupta and Chintagunta, 1994) , to estimate the impact of various factors on AC.
To do this, we suggest that the mean µ is itself a function of the factors affecting AC, i.e., µ = µ * + γ 1 x (Marketing Capability) + γ 2 x (Breadth of Knowledge Base) + + γ 3 x (Learning by Doing)
The maximum likelihood estimation procedure gives us estimates of the γ parameters. From our discussion of the conceptual framework (section 2.1), we would expect each of the γ parameters to be negative 13 and significant in their impact. For example, we would expect that an increase in the firm's marketing capability would actually lower the mean of inefficiency (equivalently, enhance AC). It should be pointed out that this specification of AC heterogeneity adheres closely to RBV theory, in that it attempts to explain some factors that would cause differences among firms in AC, but still leaves a portion of the heterogeneity unexplained. This is as it should beif we could explain all the heterogeneity in AC across firms, the capability would be rendered completely transparent, and hence easily imitable.
To sum, our estimation equation ( 
Estimating the Impact of AC on Innovation and Profitability
Our conceptual framework has discussed the importance of AC in influencing both innovativeness and profitability of firms. There we had suggested that AC would affect the quality of innovation, in that innovations by firms with higher AC would be more broadly To see if environmental turbulence moderates the impact of AC on profitability, we split our sample up into low and high turbulence firms, and perform some simple cross-tabulations.
EMPIRICAL APPLICATION
In this section we illustrate the theory and measurement discussed above, to estimate the absorptive capacities of firms in the semiconductor and computer industries. We chose these markets for a number of reasons. From a theory point of view, such markets are characterized by intensive use of science and technology, and rapid change, with firms needing to innovate constantly to survive. This is an ideal setting where the regeneration of know-how would be of importance. Further, firms seem to differ greatly in their ability to come up with new generations of technology. In what follows, we first describe the data set we put together for the empirical analysis. Following this, we specify the equations to be estimated, while also detailing the operationalization of each of the variables in the equations. Then we report the results of our empirical analysis, highlighting the substantive insights.
Our sample consists of 69 publicly traded firms whose primary business is in semiconductors and computers (i.e., SIC codes 357 and 36). For each firm in our sample, we collected information pertaining to the resources available to R&D and marketing domains of activity, from the Compustat database for the years 1980-1998. Financial measures were also got from Compustat.
The Compustat database, however, did not give us information pertaining to the firm's innovative output. For this we conducted an exhaustive content analysis of patent data gathered from the US Patent Office. This data yielded a number of measures, notably the construct of 'outside technical know-how'. While we go into details in the operationalization section below, we would like to point out that in all we performed a content analysis of over 150,000 patents. This effort involved extensive programming both at the data collection stage and at the content analysis stage.
We now turn to a discussion of the operationalization of our variables.
Specifying The Absorptive Capacity Equation and Measures Used
We discuss variable operationalization starting with the variables in Eqn. 2c (i.e., estimation of AC), followed by Eqn. 4 (estimation of factors affecting AC).
Absorptive Capacity Equation (Equation 2c)
Technical Know-How Absorbed (TKH_ABS): Since this variable is central to our empirics, we discuss its operationalization in detail. The variable conceptually represents the amount of technical know-how absorbed by the firm from outside. There are two parts to this definition that need operationalization. First, what is technical know-how? To operationalize this, we rely on patents. Each patent is classified under various 9 digit classifications, called the U.S.
classification. This is an extremely detailed technological classification system devised by the U.S patent office (USPTO). The classes to which a specific patent belongs are decided by the USPTO examiner who awards the patent. We can determine exactly what technical areas a patent lies in by looking at the classes it is in. Now, we examine each patent for each firm, for each year (which is our unit of analysis).
Consider firm i, with M patents in year t. We refer to each of these patents as the focal patents in what follows, and denote them as F ijt . First, we determine what classes each focal patent is in.
Thus, suppose there are only two focal patents, with patent F i1t in classes {A1, C1, Z1} and patent F i2t in classes {B1, C1, G1, Z1}. From this, we construct an array of unique patent classes for the firm, for that year. In our example, this array, denoted D it is given by D it = {A1, B1, C1, G1, Z1}. Now, D it represents the number of classes firm i has patented in, in year t -we refer to this as the firm's domain of expertise (DOE) 14 .
Given the DOE, we now look inside each patent and get a list of those patents it has cited.
(These are similar to the references at the back of any journal article, and are called backward citations.) The USPTO examiner ensures that this list is as complete as possible, since the scope of a patent's monopoly is determined by it. The list represents, in an exact sense, the 'prior art' in the field that this patent is drawing on. Thus, it represents the technological know-how that the firm is drawing on. We now examine each of the patents that have been backward cited, to get at a list of their US classes. Thus, suppose our two focal patents, F i1t and F i2t have backward cited patents B 1 , B 2 , and B 3 . Also suppose that the array of unique classes that B 1 through B 3 lie in, denoted as K it is: K it = {A1, C1, R1, L1}. Call this array the know-how drawn on (KHDO).
Given both the DOE and the KHDO, we now compare the two. More precisely, we count the number of unique classes that are in the KHDO, but not in the DOE. This represents the number of technological classes that the firm has drawn on from outside its domain of expertise, and is our measure of know-how absorbed from outside. For the example above, classes {R1, L1} lie outside the domain of expertise of the firm 15 .
R&D Intensity (R&D_INT it ): This is a commonly used measure in studies of R&D and innovation (Griliches (1984) , and is defined as the ratio of R&D to sales for that year.
Market Conditions (MKT_COND):
To control for market conditions that might differ across various sub-markets the firms are in, we divide our sample on the basis of the 4-digit SIC code that firms are in. Our sample has 8 such codes, with most firms falling in SIC code 3674.
Factors affecting AC (Equation 4)
Marketing Capability (MKT_CAP): We proxy the ability of firms to scan markets by their marketing capability. To estimate marketing capability, we use the conceptualization and technique suggested by Dutta et. al. (1999) . Thus, using the SFE methodology we estimate a firm's marketing capability as the efficiency with which it uses its marketing resources (receivables, sales and general expenditure) to enhance sales. The higher this efficiency, the higher the firm's marketing capability. For exact estimation details please see Dutta et. al.
(1999).
Breadth of Knowledge Base (BREADTH):
We get at the breadth of experience of a firm by looking at how broad its patenting has been in the past. Thus, we look at the technological classes a firm has obtained patents in. We then construct a concentration measure for breadth as follows. To simplify the exposition, suppose a firm has p k patents in class k. The breadth measure would then be given by:
difference to the results. 15 This count is normalized with the total number of classes that are backward cited, so our measure is continuous.
The closer this measure to 1, the broader the firm's prior experience. This is similar to a Herfindahl measure of industry concentration.
Learning by Doing (LBD): To get at learning by doing, we look at the depth of prior experience of a firm. This can be got at by simply patent counts counting the number of patents that the firm has obtained in the past, per year. However, as discussed in our conceptual framework, we need to take into account the quality of prior experience. Consistent with past literature (Trajtenberg, 1990) , we develop a citation-weighted patent count. We first calculate the average number of citations received by all the patents belonging to the firms in our sample. The weight assigned to a firm's patent, then, is the number of citations the patent has received divided by the sample average. The sum of these citation-weighted patents, for a particular year, for a particular firm, would be the value of LBD for that firm for that year. Note that our data is necessarily right truncated, since some patents would still be getting citations after the cut off date of our sample.
We correct for the resulting truncation bias. (Please see Technical Appendix for details.)
Specifying the Relationship between AC, Innovation and Profitability
Width of applicability (INNV_WIDTH): Prior literature (e.g., Jaffe, Trajtenberg and Henderson, 1993) has suggested that if a patent gets a large number of citations from outside its industry, it suggests a wide applicability for that patent. We construct our width adjusted innovation measure, INNV_WIDTH, as follows. We first calculate the proportion of citations received by a patent from firms belonging outside its own SIC code. This is equal to the number of citations received by a patent from firms outside the SIC code, divided by the total number of citations received by it. We then divide this number by the sample average proportion. This gives us a width-adjusted weight to use for each patent. Finally, we sum up these width-weighted numbers to get the value of INNV_WIDTH for that firm for that year. Similar to LBD this measure is necessarily right truncated. We correct for the resulting truncation bias. 
Clearly, the smaller the average difference, the newer the technology firms in the industry draw on, and the higher is the value of TECH_TURB.
Results and Discussion
We now report our results, along with a discussion of the substantive insights and managerial implications.
ESTIMATING ABSORPTIVE CAPACITY AND FACTORS AFFECTING IT: MSL estimates of the AC equation are given in Table 1 . There are two parts to the table -the top half reports estimates of the knowledge frontier itself, while the bottom half reports estimates of the factors that affect AC.
All the parameters are significant, and of the expected sign 17 . R&D intensity has a significant positive impact on the efficiency frontier (α 1 = 0.2007), suggesting that firms with more R&D expenditures would want to absorb more technological know-how. Our estimates of AC suggest a great deal of heterogeneity between firms. To explore the nature of this heterogeneity a bit more, we median split the sample of firms on the basis of size (as measured by assets), and compared the AC for the two samples. We find that on average, the larger firms have higher AC than smaller firms, but also have a greater variance of this AC. For smaller firms this clearly suggests that any incremental improvement in AC will help a great deal, given the low average values. For larger firms, the high heterogeneity of AC suggests that it could be a crucial differentiating factor in achieving competitive advantage. Thus, managers in both small and large firms have much to gain from enhancing their AC.
Coming to the specification for AC heterogeneity, each of the three hypothesized factors has a significant impact. (Note that a negative sign before a coefficient implies that it has a negative effect on a firm's inefficiency in absorption, i.e., it has a positive impact on a firm's AC.) We now discuss the implications of these results.
The first substantive insight pertains to the importance of MKT_CAP on a firm's AC (γ 1 = -0.3248). This suggests that marketing capability has a significant role to play in how well a firm values technological options, as well as how well it converts them into useful innovations. Given the difficulty in high-technology markets of choosing from a plethora of technological options, and the high costs of being wrong in such a choice, it is clear that marketing's role in the innovation process is even more important than has been discussed earlier. We feel this result adds substantively to earlier research that has attempted to demonstrate a role for marketing capabilities higher up in the value chain of ideas, as opposed to marketing the product once it has been developed. The tendency in technology intensive markets is to primarily involve R&D personnel at this early stage. Our findings suggest that senior managers should set up mechanisms to ensure that marketing expertise is part of the team that decides on the choice of technologies that firms should rely on when developing next generation of technologies.
Our second substantive insight relates to the negative impact of prior breadth on AC (γ 2 = -0.9018). This suggests that the task of valuing technological options, and accessing know-how from outside is rendered more difficult if one's innovation strategy has been one of narrow 17 We do not report significance for the market dummies -4 of the 7 market dummies were significant.
specialization. This kind of path dependence in knowledge has been discussed in prior literature (Helfat, 1997) , and is one of the cornerstones of the theory of dynamic capabilities in the RBV.
We hasten to add that this does not imply that specialization in innovation is necessarily badjust that there is an intrinsic path dependence to innovation strategies, and that firms wishing to gather technical know-how from outside their domains of expertise are better served if they have had experience in a wide variety of technological areas. Thus if senior managers want to enhance their expertise to effectively utilize know-how from outside sources they have to develop internal incentives that encourage R&D teams to develop technological know-how outside their domain of expertise. Given that developing this expertise takes time, firms that delay this process may be at a significant disadvantage. This expertise will probably become even more critical in a variety of other science based industries such as biotechnology, that rely on know-how from a diverse set of disciplines.
Our final result relates to the strong 'learning by doing' effect, i.e., the impact of past quality-weighted innovations on a firm's AC (γ 3 = -0.4337). In conjunction with the breadth result above, this suggests that the depth of a firm's innovation experience is also important. We find that AC does indeed have a significant impact on the width of applicability of a firms' innovations (Please see Table 2 ). Often firms have a tendency to focus in a narrow class of technologies that they are familiar with, when developing newer generations of technologies.
Our findings suggest that a strategy that deliberately builds know-how across a broad range of technologies enhances the ability of firms to come up with technologies that have a wider applicability. This ability will be of increasing importance as US firms attempt to generate revenue from a better exploitation of their technological know how 18 . While there has been some literature documenting the gains to a firm from licensing, when its innovations are of wide applicability (Silberston, 1972) , almost no guidance is given to firms on what might lead them to achieve innovations of higher applicability. Given that there is a direct monetary payoff to firms which can produce widely applicable innovations, our results suggest a bottom line enhancement effect from something as intangible as a firm's AC.
LINK BETWEEN AC AND PROFITABILITY: We had hypothesized that the impact of AC on profitability would be moderated by the extent of technological turbulence in the environment.
To test this, we divided the sample along the median value for turbulence, to get high and low turbulence firms. Our hypothesis is borne out, in that the correlation between AC and profitability for low turbulence firms is 0.275, while for high turbulence firms it is 0.405. Thus, we can say that AC has a greater impact on profitability in highly turbulent environments. To investigate further, we plot the AC for firms in both samples (please see Figures 1 and 2) .
Interestingly, the high turbulence firms have a lower mean level of AC inefficiency (14% versus 22%) and a higher variance (11% versus 6%) than the lower turbulence firms. Given that one of the central features that make capabilities valuable is the presence of heterogeneity among firms, this result further buttresses our earlier one. And, since it is reasonable to suppose that higher turbulence is accompanied by a greater degree of causal ambiguity, this would make AC even more valuable in turbulent environments. Taken together, these results lend greater validity to our conceptualization and estimation technique, in that they suggest how AC hews closely to the RBV notion of dynamic capabilities.
This link between absorptive capacity and profitability especially in more turbulent environments has important managerial implications. First this study is among the first to show the link between AC and firm profitability. It is interesting that despite the importance of this theme in high technology markets there has been little systematic evidence to show the linkage between AC and profitability (Pennings and Harianto, 1992) . This finding is of value, when 18 IBM, for example, has seen its patent licensing royalties rise from $30 million in 1990 to nearly $1 billion in 1999.
viewed against the tendency among managers to focus on the short term and not take deliberate actions that enhance the ability of the firm to reinvent itself technologically from outside.
Although efforts to enhance AC take a consistent effort over a period of time, our results suggest that these efforts do pay off in terms of impacts on innovativeness and profitability.
_________________________________________________________________________ INSERT TABLE 2 ABOUT HERE _________________________________________________________________________

CONCLUSIONS
This paper proposes a conceptual framework, with the resource-based view (RBV) of the firm as its theoretical underpinning, to explain inter-firm differences in firms' ability to absorb technical know-how from outside. We suggest that a firm's marketing capability, as well as its prior quality-weighted experience in innovation, and the breadth of its past innovations, would have a significant impact on AC. The paper contributes to a number of different literatures.
First, it contributes to the RBV literature by conceptualizing dynamic capabilities in terms of regeneration of a firm's resources bases. Second, we identify the acquisition and utilization of technical know-how as a particular dynamic capability, and develop a framework for examining the dimensions of AC. This contributes theoretically to the literature on AC, both by tying it in explicitly to the RBV, and by elucidating the factors that would affect know-how absorption.
Methodologically, the use of the SFE is an important step that permits us to infer a firm's AC, purely by observing how much technical know-how it has managed to absorb, and other firmspecific variables. This contributes to the empirical literature on dynamic capabilities and AC, neither of which has hitherto succeeded in measuring AC in a manner consistent with the tenets of RBV. Finally, we contribute to the marketing literature, by emphasizing the role played by marketing capability at the earliest stages of innovation, i.e., at the stage when technological options need to be valued and chosen from. This paper, which is the first to attempt to infer AC from secondary data, has many limitations, which suggest a number of avenues for further research. Thus, with better data, especially on the stages of the innovation process, one could quantify the impact of marketing capability and other factors on each of the stages. Second, the impact of a firm's prior breadth on its AC is intriguing. We feel it can be the prelude to an investigation of different kinds of innovation strategies that firms pursue. For instance, when is it better to be a narrow specialist rather than a broad generalist? And what firm-specific characteristics make some firms better at changing their innovation strategies than other firms? We hope future research will explore these interesting questions. 
